Land border ports-of-entry (POE) are critical in both national and regional terms. By offering legal and safe crossing points, they help integrate people and economies between nations. As security continues to take a more prominent role, the impacts of periodically heightened security measures generate substantial short-term and long-term impacts on economy and social-demographic activities on border cities. Such impacts have not been well understood as most prior studies apply infrastructure component based approaches without a broader view of spatial and temporal impact of the POE on the regional infrastructure. This paper discusses the development of the multi-resolution large-scale vehicular traffic simulation and assignment model to enhance this modeling capability.
INTRODUCTION
Land border ports-of-entry (POE) are critical in both national and regional terms. By offering legal and safe crossing points, they help integrate people and economies between nations. Yet they also apply important controls and regulations by handling the entry of people and goods. Borders, especially ports, are thus partially permeable membranes crucial to the regulation of larger societies on each side (Donnan and Wilson 1999; Martinez 1994; Wilson and Hastings 1998) . The U.S.-Mexico border, the subject of this study, has become a significant region in population and economy (Lorey 1999) and cross border infrastructure linkages between El Paso, Texas and Ciudad Juarez, Chihuahua Mexico are critical to the economic health of the region and both nations. By volume, El Paso is the second largest port-of-entry for merchandise trade between Mexico and the United States. In 2001, nearly 7.2 million pedestrians crossed the three larger POE from Ciudad Juarez to El Paso. Nearly 15.8 million automobiles entered the United States across these arteries during that period, as did more than 660 thousand cargo vehicles (Fullerton and Tinajero 2002) .
The terrorist attack of September 11, 2001 emphasized the importance of strong vigilance along the U.S. POE systems consequently focusing a spotlight on its national security performance. The greater border controls and heightened security measures can potentially raise the cost of international commerce between the United States and Mexico negating some of the natural advantages afforded by geographical proximity (Fullerton and Sprinkle 2003) . The aims, intensity, means of inspection, and their trade-offs with traffic throughput has not been thoroughly investigated, except some limited studied based on the queuing theory. (Coleman and Moon 1999; . These models examine the performance characteristics of a POE assuming that the POE is an isolated entity of which the model inputs are independent and exogenous of the model performance. Such an assumption fundamentally limits the model's realm because most transportation demand/supply systems components are interdependent.
This research is based on a research grant awarded by the U.S. National Science Foundation (NSF) to study the dynamics of POEs along the U.S.-Mexico Border in the El Paso, Texas region. The overall goal of this research is to develop an integrated border infrastructure risk management framework, explicitly considering the interacting dynamics of the border infrastructure, social and economic systems. This integrated system dynamics model will allow the further understanding of border system dynamics, predicting impacts of risk preventive policies, evaluating mitigation strategies, and modeling recovery processes after an extreme event. Of particular emphasis is the assessment of the critical border crossing infrastructure systems, evaluating border security policy and operations, designing information dissemination and public-and business-preparedness schemes, and identifying transportation system operations strategies in times of extreme events. The developed model will contribute to the state-of-the-art of decision theory, particular in the modeling of sequential decision processes in response to extreme events.
One of the major research tasks was to develop an area-wide vehicular traffic simulation and assignment model incorporating the El Paso TX, Juarez MX and the POE systems, essentially integrating the entire region into one multi-resolution dynamic traffic assignment (DTA) model to be eventually integrated with other system models. The goals were to:
1. Capture key characteristics of POE operations in U.S.-Mexico border 2. Provide a computational platform with desirable realism that can be used to evaluate possible security policy, and technology impacts on the operations of POE systems and resultant impacts on border cities. 3. Provide a framework and model for POE operation and policy decision-making.
PREVIOUS POE STUDIES AND MODELLING TOOLS
The analysis of port-of-entry performance can be found in limited literature. Typical analysis focuses on one particular port-of-entry and attempts to understand the impact operational changes have to the port given assumed exogenous inputs (Chaires 2000; Coleman and Moon 1999; Pinal 1997 (FHWA 2005) . The model was designed to microscopically model the operations of a port-of-entry, including customs, immigration, motor carrier, and security procedures to ensure a safe and secure operation. The system is intended to utilize operational data such as kinds of equipment used, federal and contractor personnel conducting inspections, processes in use by all inspection agencies, including Customs, Immigration and Motor Carrier Safety.
Although these models are useful in relating POE system performance vis-à-vis physical layout or operational procedures, they typically do not consider driver behavior and interactivity between multiple POEs within the same region, nor do they provide an areawide perspective on how POE security, operations and system performance information provisions impact the regional vehicular traffic pattern. These model's inputs are static and system component-oriented in nature, relying on exogenously predetermined model inputs (e.g. probability distribution of arrival, inspection times and departure rates). In reality, information concerning queue length and travel time is available to drivers via the radio, television and the internet resulting in modified driver route choice prior to and during the trip yielding in dynamic input to each of the multiple POEs within the same region. A temporary disturbance of one particular POE creates elevated queue and wait time in the short term. A persistent version of such disturbance will eventually lead to users' diversion to other POEs, affecting the queue and wait time at all POEs. Such phenomenon can not be properly captured without a regional dynamic modeling capability that considers the equilibration process of transportation system demand/supply interactions.
SIMULATION BASED PORT-OF-ENTRY OPERATIONS MODEL WITH DYNAMIC TRAFFIC ASSIGNMENT
To overcome the challenges of capturing dynamic interdependence between multiple POEs, simulation-based dynamic network simulation and assignment approach, in particular DYNASMART-P, a state-of-the-art dynamic network analysis tool that was employed. (Chiu and Mahmassani 1998; Jayakrishnan et al. 1994; Mahmassani and al. 2000) . DYNASMART-P is uniquely equipped to simulate driver behavior during the simulation period. In DYNASMART-P, vehicles are generated according to a time-dependent O-D matrix (as used in the urban transportation system planning practice), and assigned to routes specified by assignment rules. Depending on the particular rules adopted, the paths may be obtained either through direct application of individual path choice models, or through algorithmic steps intended to satisfy certain conditions in the network . The four assignment rules that are utilized are (1) Determine a user's path through a network to minimize overall travel time. (2) Utilize time-dependent user equilibrium (TDUE) in which no user can improve travel time by unilaterally switching routes. This emulates a long-term evolution of the system as drivers learn and adjust to the system. (3) Users receive descriptive information on prevailing trip times; a family of response rules, consisting of bounded-rational path switching and selection rules, select the shortest path based on current conditions. (4) The vehicle is assigned to its current best path from the trip origin Mahmassani et al. 2000) .
DYNASMART-P uses established macroscopic traffic flow models and relationships to model the flow of vehicles through a network. Whereas macroscopic simulation models do not keep track of individual vehicles, DYNASMART-P moves vehicles individually or in packets, a technique referred to as mesoscopic modeling. The actual simulation consists of two major components, Link Movement and Node Transfer . The Link Movement is the process in which moving vehicles traverse a link during each time step. The Node Transfer performs the link-to-link movement of vehicles, which includes the number of vehicles in a queue, traffic control measures for intersection and freeways, and now the inspection stations. The POE module consists of modifications made to the Node Transfer by adding two additional control functions: "Toll control" which controls the discharge of vehicles at a node and "Route Force" which forces a vehicle to follow a predetermined path. Figure 1 illustrates the structure of the assignment model and indicates where the POE simulation module is located in the model structure.
"Toll Control" discharges vehicles from a control node one at a time after a timer has expired. The value for the timer is a user defined, dynamic stochastic distribution; in the sense that it is modified at every time step based on the model policy (feedback loops, operational policy). This feature enables the POE inspection module to be as flexible as required. Toll Control was intended to be utilized as an inspection station or as the name indicates a toll booth/plaza. "Route Force" is an expandable feature that allows the user to specify vehicle transfer to pre-defined links within the system based on a probability of route choice. In the case of the POE model, this feature is required to accurately model the decision of inspection personnel in routing a vehicle into secondary inspection or sending it to on into the U.S. The functionality of the module can also be extended in dealing with lane closures within the POE. Currently, in a one-shot run of the model, if a lane is closed during the simulation in DYNASMART-P (downstream node indicates a closed status), the queue waiting to be transferred by the closed inspection node is immobilized, creating false indication of queue. In reality, drivers would migrate to adjacent lanes in order to proceed through the POE. The Route Force module will assist in performing this task by reading an open/closed tag on the inspection node and translating that feedback to a route choice forcing the driver in the closed lane to merge into adjacent lanes.
This module also consists of a load-balancing feature. As vehicles enter the POE, the driver will normally attempt to choose the queue with the shortest travel time (not necessarily the shortest queue). This functionality will evaluate downstream links and estimate a travel time based on queue length and average inspection time, consequently assigning vehicles to the path with the shortest travel time. 
EMPIRICAL STUDY ON US-MEXICO POE IN EL PASO, TEXAS
The regional model as shown in Figure 2 consists of both El Paso, TX and Juarez MX. The model was created using data from the El Paso Metropolitan Planning Organization (EPMPO) which included only the demand data from the El Paso network. At this time, the external zones which were originally utilized by the El Paso model to represent Juarez are distributed to the entire Juarez network.
As discussed previously, the dynamic traffic simulation and assignment capability of the developed model creates the opportunity to model the regional transportation system in various ways. The initial model demand is based on the demand matrix and is run to the TDUE state of the system. This initial run creates vehicle attributes and paths for every vehicle within the simulation, representing a typical day of traffic, which can be utilized in subsequent scenarios. If these paths are directly utilized in subsequent simulations, the vehicles follow the predetermined paths through fruition regardless of the effects on its travel time due to network loading changes caused by POE policy or link capacity changes caused by extreme events. This case is used to represent the short-term impact of POE performance disruption considering the inertia of POE selection behavioral change.
DYNASMART-P can effectively evaluate the impact of system information provision to users. This scenario utilizes the same vehicle attributes but allow DYNASMART-P to calculate the shortest paths and provide such information to users on a periodic basis. As conditions change in the system, the new vehicles generated within the subsequent time steps have the opportunity to consider the new information in the generation of its path; emulating pre-trip information. Further, the routes for every vehicle are evaluated at a user-defined interval to continually evaluate the performance of the initial path, changing if another is found to be more efficient. This methodology emulates the real-time dissemination of traffic conditions within the network which in turn simulates short-term impacts of events or policy implementation more closely.
Finally, to simulate long-term behavior to an event or change in policy, one can run the model to TDUE. The results of this simulation will resemble those of drivers who have learned about the system and adjusted their traveling behaviors. DYNASMART-P models individual traveler's traveling adjustments as well as representing travelers pursuing to achieve a connection of activities at different points/locations in a network. Several known restrictions of static tools used in prevalent practices are overcome by DYNASMART-P. Details of DYNASMART-P can be found in (Chiu and Mahmassani 2003; Mahmassani et al. 2003) .
Paso Del Norte POE
Bridge of the Americas POE Specific simulation experiments are explained as follow: The model is currently being run for a 90 minute period with a 60 minute vehicle loading cycle. (1 hour peak demand). Several test scenarios were developed in order to observe the results of the analysis. These scenarios are as follows:
1. Base Case Scenario -Same inspection times at each POE. Run to Equilibrium. 2. Increased Vigilance -This is a scenario in which one bridge may increase its inspection times due to information about a possible drug runner, etc. The inspection process may slow down during this period in order to properly evaluate each driver. 3. Extreme Event -This is a scenario in which the Bridge of the Americas (BOTA) is shut down completely in both directions due to an extreme event (terrorist attack on POE or bridge failure due to natural causes) Most of the access roads to the POE are also shut down. 4. New Inspection Technology -This is a scenario in which new inspection equipment is installed at both POEs. The inspection time is assumed to cut in half.
BASE CASE
This case utilized the O-D demand matrix that was supplied by the El Paso Metropolitan Planning Organization (MPO) for the El Paso area. The model was run to time-dependent equilibrium and data obtained from this scenario is illustrated as the baseline case for the following four cases.
INCREASED VIGILANCE
Several cases were run to study the results of increased vigilance at the BOTA POE. Figure 3 and Figure 4 illustrate the results. The pictures represent the queue developed when running the short term (O-D) based scenario and the long term (TDUE) based scenarios. As can be seen, the long-term (TDUE) scenario does not show a significant queue formation at the POEs vs. the short-term analysis in which a significant queue is developed at the BOTA POE, which decreases its inspection discharge rate from an average of 270 vehicles/hour/lane to 170 vehicle/hour/lane. The resultant queues seen in the O-D case are representative of a static/exogenous queuing model and since flow was not redistributed among the two ports, excessive queues were observed as a result. The utilization of TDUE allows the model to redistribute the demand to each bridge; more closely resembling reality.
The volume measurements for the PDN POE illustrate how the proposed model captures the movement of vehicles toward the PDN POE, where the inspection time is shorter. This is good example of travel behavior affecting route choice, changing the arrival rate for each of the POEs. Overall though, the average system travel time (the composite travel time of all the vehicles in the regional transportation system) only increased 1% for this scenario. 
EXTREME EVENT
An extreme event is considered to be a short-term or long-term event in which the portof-entry's processing capacity is severely reduced. These events can take multiple forms such as a terrorist attack, a failure of the port's computer systems or damage to the port due to a natural occurrence.
In this scenario, a severe event was simulated at the BOTA POE in order to ascertain the disturbance to the regional transportation system. The event was simulated by completely eliminating the processing capacity of BOTA. It can be seen that the results of the incident affect much more than just the port. The illustrations shown in Figure 5 and Figure 6 show how traffic is backed up onto much of the roadways during the immediate time of the occurrence. The adjacent picture shows the queues developed in the long term if the POE was to remain decommissioned. Also shortly after the extreme event, traffic at the PDN is not immediately increased, but over time, the usage of PDN is significantly increased as trip makers adapt to available remaining POE infrastructure capacity. Overall, the total average travel time of the system increased by 29% for this situation. 
NEW TECHNOLOGY
This case was developed to illustrate the capability of the model to capture benefits of several projects which are implementing new inspection technologies in order to decrease the inspection time of non-commercial traffic. As can be seen in Figure 7 and Figure 8 , the queues at the POEs are at a reduced level and the volume passing through the sites has increased significantly. The short term and long term results are similar, probably due to the fact that the inspection time is so low that the driver behavior was not modified much on the long term. Overall, the total average travel time of the system decreased by 8% indicating that the volume crossing the POEs contribute a great deal to the overall regional transportation system travel time. 
CONCLUDING REMARKS AND FUTURE RESEARCH
This paper presents the benefits of utilizing a multi-resolution, integrated, microscopic port-of-entry simulation with a mesoscopic regional dynamic traffic assignment model to represent the Port-of-entry system in the El Paso area. The development of a queuing-based POE model allows for the evaluation of various policy and technologies scenarios while the utilization of DYNASMART-P as the analysis tool allows for a representative analysis of the regional transportation system's response to extreme events, changes in policy and infrastructure capacities. Future work will include the comprehensive development of the entire POE infrastructure by adding all the POEs in the El Paso area, the development of the microscopic representation of each POE (including non-commercial, commercial and pedestrian) as well as the development the calibration methodology and tools for the model.
Further, work is being performed to include the integration of Mobile-6, vehicle emissions software, to estimate the tailpipe emissions due to the changes created by the policy and/or extreme event at the POE. The System Dynamics (SD) model is also being formulated which will interface with the DYNASMART-P output which will modify route choice and demand based on conditions such as travel time and/or queue length at the portof-entry locations. A survey was developed and administered at the ports by the Sociology Department at UTEP of which the results will be utilized to develop the SD model formulation. Finally, the integration of the Physical-Social model will be integrated with the Econometric model which will forecast impact to the local economy due to the commodity flow and non-commercial flow along the POEs.
